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(57) Abstract: A method whereby the ratio of glycated 
hemoglobin can be highly accurately and easily determined. 
The ratio of glycated hemoglobin can be determined by 
selectively digesting glycated hemoglobin in a whole blood 
sample with a protease, reacting the glycated moiety of 
the glycated hemoglobin digestion product with a glycated 
amino acid oxidoreductase, and then measuring this 
oxidoreduction reaction. As the glycated hemoglobin data 
determined by this method correlate to HbAl c concentration 
in whole blood samples. Therefore, HbAlc content can be 
highly accurately and easily determined from the glycated 
hemoglobin data without measuring the glycated a -amino 
group moiety which is the characteristic structure of HbAlc. 
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m m m 
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- (HPLC) ^^fciD> ^^tru^xDm 

MTtmm (faod) ^ffl^fcigfeciD, mikzynznttufe-x: 

SS^X^:^ >fe#£-r3fc#>> MIBi»'fbT;!/7'5 >%|pI^}CF A 
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^ O £ £1 z ffl £ T * S ^\ q& ^ d tr > ttF ft * © M £ # ft © SI & T? * 3 . 

15 >fcrt*7u^rT—wm$im mmm \z^m-rn\t, faod^ 

jfii^^gi^^*fTto^<Tfe, mount* #i:M7J^$ 
>m<nm&&g;ifz> z.tte<s\*:iyn}i>mfcm;zmmx*%& 0 z\<dtc 
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O^DH ^— if, Bacillus sultiHsfi^y n ^T-if T 
fltME Bactllus subt i 1 is U r7-if £ IT 

-f±-if (ec 3. 4. 2 4. 4) Mftmm m) m-.-msh 

io pyDH 

sM&lBOSiJfc^&fcfcViT, MfBF AOD ££;ft£i±3$Hb'\ ; E^n 

m©«&<t7$/s^#&tf ens. 

Tl, 0 0 0 -10, 000, 0 0 OUCDSSffl-e^SPfSJl t^WSb 
25 <> WSBFAODtt, MlmLH^LT5 0 0-4 0, 0 0 0 
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5 ^-if (^T, rpoDj fc»fcfc«k05M& , rsaS«fc&fflV> 

-4, 4' -tfX (^^^1/75;) ^7x^l/7 5>th'J^A, * 
10 ;H7x-k>j?7$> (OPD) , h'J>^-^t4-7$/7> 

^»tf6ns. WSB4-75;7>ft!'J>©il:, 7577> 

15 ^t?U>»«c#, A*" U >^7S>XJl/*>t, /?^^>X5 1 7 , /U 
/>tF^\/> (MBTH) , X)V'fc>ik*^)V^>X9-r^V / >fc 
(SMBTH) ^<b&ffll?#£ 0 £©«k'5fc3Bfetea£K©tt , T 

fe, #fc#?£b<&, n — (^;^+->^5 1 Ji/75;A;W-ji/) -4 

, 4* -hfX (^WSy) ^7i=;i/75>thU9AT?*5. 
20 Oft, *»«OHbAU©»«#tttt, Mf3*BBJ©^\qE^P tf 
>»fbI©iM[iJ:§^^Dk*>iftiiHbA 1 c ©*£©# 
MWi^e flsjifc $ nfc^SI^ & 911 U , MfS*^ BJ! © ^\ =E >? n tf >» <fb 

25 «)*ai^Sc"Tf*S e 
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>m<km&, Msd,±!hun*<DHb a i c (omtm^mmmmz&zz: 

t^tKbfe. HbAlcii At^Dt'XD j8 -mN^nv a-TS. 
=k££, HbAl c(DM^t, m<t&ft<D 4>T*>, HbAlcOMW 
, WSFAOD^, a -75 7 *«{bTOtc:^bT»K# 

HbAl cOi^§, JE&fr-DnmiZft? Z. ttf~?%, HbAlcWil 

is ^mmvHb ai c om^m\z^^x, mmmmm\z, mmum<D 
MbAi cmt, Mittmwo^^tfu^ymikmvmmijmizj: 

-Dg\z, *&w<Dmm*y m*, s\^tfu¥ >m<km<Dmi£\zmmi£ 

-f>, 7&BM&%: b U ^^Dyof'ft-i?, Bacillus su 
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titer* SWtWtfcM7um*&<£ttZ.£ifi»&V\,*. tbfttiteT 

5 /wtnteMTtmmfe, mte*>/uw, tite^y?- F&zztmters. 
swL&t>tezmfr*>m$ii£nfc'j>tsi< th—D<otiteT^>^mntv 
, mmters a -75. j mwtefflfr&kzfmmy /mm 

^iTC, #^Bj©$!)^f5ygkU ^^p tf >gr<t:*o^i^fc^$n 

^IMS* h U ?z/>, ^^n^DH^ — if. Bacillus subt 
iliLs4*O^PT-T-if^e>^§l¥^^M^$nfc^^< t «b— 3© 

frbfezmftzm&iztiit'ptzK t%-^(Dtiter$. >&mnh u w 

SBHYb T 5 > lc 4s a -75 / gifS-M^ J; tf«T 5 
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4, 4 -If* (^f^75/) ^7i-;P7$>th'J')m5: 
ftfcHbAlc (%) £e»«Jj£»TSI}gU;&Hb Al c (%) 

10 

15 R 1 -CO-CH 2 -NH-R 2 + H 2 0 + 0 2 

R'-CO-CHO + N H 2 -R 2 + H 2 0 2 

• • • (1) 

M$&3£ (1) fc*5V>T, R 1 -CO-CH 2 -NH-R 2 tfiJAfcf, fl| 

20 fls^w**ft, ftft^^H^iWftrs/KTfts. miess (1) 

8£) ^^-To MIB^^S (R 1 ) tt, *ft:K*«f©»5^T;H«-*© 
-X^T^§„ WAR*, TV 
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zvmmm (r 1 ) a, mxit, 

-[CH (OH) ] n -CH 2 OH 

B&f35£ (1) Cfe^T, R 2 «, #K:ffi!lEg£tl&l^ 

huibs: (i) t&^T, « -t^ ym^m^nx^^m^, r 2 « 

, TIBS: (2) T^t7 5 F£§»T&3o 
10 -CHR 3 -CO-R 4 ... (2) 

S&iBiS (2) fc£V>T, R 3 (i75;MiM^^L, f;fc, R 4 te 

7j<ms, 7$ ymmm^rc^^^^mm^^^, tib^ (3 

- (NH-CR 3 H-CO) n -OH • • • (3) 

BLff35$ (1) fc£V*T\ ff - 7 5 / S^OJ 5 ; 

20 *itv>£ (75 ym#jm»^'fti$nTus) r 2 «tib^ (4 
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R 7 

I 

c=o 

I 
I 

r NH 

5 I 

R e ■ • • (4) 

HUBS; (4) CU^T, R 5 «, 75/»fll«S05'6, BffciSWt 

10 R 5 te 

- C H 2 ~ C H 2 ~~ C H 2 C H 2 - 

-CH 2 -CH 2 -CH 2 -NH-CH (NH,) -T?*S. 

15 

MIBst (4) ICS^T, R 6 «, 7j<m, 75;*9S*fc^^fH 
aiatT?*0, 0J*tf, TIE5S (5) *Z?36:foTE£j&*T!§5. TIB 
5£ (5) (C*3ViT, nttO&±©SE8fcT*tK R 3 te, jW»jfi i: H*fcT 

20 

- (CO-CR'H-NH) n -H • • • (5) 

mm^ (4) fc&^r, r 7 «, 7kwm. rayiiiifctt 

25 TfB5£ (6) KfcVsT, n«OE*±©fiafc-C<feO, R 3 «, tSUmt 

rusk 7$ /Kfla«i3£s^*r. 
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- (NH-CHR 3 -CO) n -OH • • . (6) 

znte^tfi. Mstt (i) fc^viT, a-75;TOo75/ii:i 

5 ifim-SVItmittiMSL (SuIBR 2 ^huIB^; (4) \zm?mmv&Z) \zft 

(Iuisr 2 ^^ (2) fc^-r«j^T^^) tzftm-rznmm 

15 t5. 

sf. Msiit§ 0 co»jiii^tttt, #fcMPs$n-r, 0j*fc£, 

20 WfB#la«'[4^J<h l/Tft m%-\£s #U ^v'X^l^-p-t-:*^ 
;v^x-;v x— (T r i ton^imjf) , #y*-*^x 

) . ^U^4 1 v'X^l/> 7)V*)\> X-^JP (Br i j IS^MStt^J 
25 «Tr i tonX-100, igfi^Twe e n - 2 0, $8&%B r i j 
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10 :@:&5£$n3. 

®3£> SJfeaE + cyn-SrT-ifji^ 100-30, 000 U/L 
, KjSI^CA^^Dt'^MO. l~40g/L, £lft5&^15~6 
0"C, g^(ffll0^~4 0m pH 5-9 ©jigfflT&So £fc> M 

15 sB«*f#©«»*>#K:Mi8£*i"r, hux&MMt, epp 

s^«?s, piPEsim v>mmmm* ada^m, #x>i? 

20 1 0, 0 0 0 KU/L, JE^M^^^^^nlf >m3Z0 . 02~40g 
/L, IMS1 5-6 Ot, MJi&I^r B 12^~4 0B#W, pH6~l 1 
©ttfflTf&D, #?£b<te, S^ + O^nT-T— ifjftaii 0 0-8, 
O0OKU/L, EJSft^CD^ifPli >2§^0 . l-10g/L, R 
JfoUSt 15-60*0, KJEBSIB 2 #~ 1 Hfffl, P H 7 - 1 0 ©$&H*e& 
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FAODTI1T5, ^FAODMCiD, #&IB5£ (1) \Z 

*yri\d>ftm®<Dv v>mmmm&&z$T )V¥->mmmm<DmitT 

C©FAODMH *usB^D^T-if®gi:|WI^fcM»^*TtT3 

10 ^il^frd «^fl MfOFAODM2 0 0~3 0, 0 
0 0U/L, ^^^^O^^^Dtf^^O. 02~30g/L, Rjfo 
Ml 5~3 7t;, &JftfltMl-2 0$h pH7~9©IEfflTSD, H 
MtfOFAODl^l, 0 0 0~2 0, 0 0 0 U/ L , Kfom$> <D^\ 
^tfWymmo. l~5g/L, KfoMmi 5~37t, HJSB#P*U 

15 — 55K pH 7 — 9 ©f£fflT£3 0 

Z\(DP OD\z£Z>WZfcm7GKfote, iHW^^frfctl, 
20 «A.tf, ®iHb7jc*a^££DM:&££n3o Kfcjfc 

^PODI^1~ 1 0 0, 0 0 0 I U/L, S®JSS 0 . 0 0 0 1 - 
Immo 1/L, Sffcfi&2 0-3 7=0, £jfcl$|HJ 1 ~ 5 pH6- 
9T$0, IftKtt, KM^OPODMl, 0 0 0- 5 0, 0 0 
0IXJ/L,mwmm0. 0 0 0 2-0. lmmol/L, M|2 
25 0 - 3 7 <C, £J&R#F H 11 ~ 5 5K pH6~9T?&£„ fuf3jgflf$E 
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5. 

10 1 : iMi + ynfr-M 

2 : ^OrT-fil+FAODffll 

3 : FAODjffll+PODil 

Sfc, SufH FAOD, POD43±^re£R©ifcflDJH#fc, #fcHIB 
15 ^tl&V*. 

b A 1 cm£<DMffi&m-r&mM%fcl&T%, WJi£V>J:5lz, huBS^^ 
^nt'>ffbi©i^tiHbAl c »£te*HWW£M;:&&fc&, £© 

ffiitmomfem &iut5 ctt «fc d, MEMK^tfcHbAi c* 
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, f§W#£#Wck:JLfflb£ffill&S^£*ij;BbT, At/fDk*>|fti 
1 ) 

10 U 3&fcFAODfc«fcS»fl5ja7G ( RJfc&fT^ SS^fe b/ta^t;**© 

1 4 %(Dfc: h'S^nt! > 
Sf-fb^tt, ^t>S!jft*7A*ttffll/&HPLCj*l:iD*»&. 
M^O^JfuSritn^Ht ( 1 5 0 0 G, 10») bTJfiL^^IUiRb, 

d°p^GL YCO • GELII (tfT^thtt) KllfcU Si* fc «k 0 > 
(KftiJBTnSJ&tt A 

FAOD (MitJ&JlMftm, £*T|sIb) 2. 0 9KU/L 

25 POD (Typelll:^iittl, £JIT^C) 7 3 0 U/L 
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(i£>a£DA64 : fDMiIl!tfi> KTRC) 1. 46mmol/L 
Tr i s-HClit« (pH8. 0) 73mmol/L 

5 KU/L0/1/H> • 7;PH'Jy?ti) lmL^iJPl, 4 

0*CT? 2 49$fflKfo-2'&t£o ^UT, ZinS©»ifcO. 0 18mLlCi 

lib, 5 6 9 4 n m, Blft£8 8 4 

hmfcfctt^g&^fc, £fls3*e»#*rS« '(iSift* J CA-BM8 

1 lC^t*o 

(§H«!)2) 

15 a, lmLSiB^mtt, ^MM 1 tmMlzVTWim&U 

(it 1 ) 

20 /t/H>CDftbDI:i g/LOa-^tb'J^'^lmL^ffl^fc^ 
gB^ 1 H^to 



15 



WO 02/06519 



PCT/JP01/06064 



mi) 



(Ab s . ) 



(Ab s . ) 



MMffl 1 A/H > 0.014 
5 WJ2 yn^^-T> 0. 0 0 0 8 

&mmi a- + thU^>» o. 063 



0 . 0 4 2 



0 . 0 3 7 



0 . 0 9 0 



15 tj^to^*. 

(n^^j 3 & &ztiti&m 2 ) 



20 



25 



(ifiL&tt&<D9!£g) 
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m&mft&0£]k&&foftM ( 1 5 o o g, ioao isxjh.*z&jm 



5 <jfb.S*tt*4©P») 



15 (i*fl:ai7cR>s«B©a^) 

POD 2 OKU/L 

®ia«DA6 4 0. 0 4mmol/L 

U>*#U£2>IMf« (pH7. 0) 0. lmol/L 



20 («fc«7CRJ6ttC©ttJfc) 

FAOD 14. 3KU/L 

U>K*U^A«»* (pH7. 0) 0. lmol/L 



25 tilB&Un 0 . 2mL> SfiiByp x7~t? #ft 0 . lmL*J:tfU> 
It^U^AgW (pH7. 0) 0. 7mL SI^l, 3 7 < CT2 4 1$ 
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5M2 5//LJC, fufEmte§7n£j«B 4 5 jtt L&iRJnU Sft&\Z, 
5 l!&5MO§^t0±tl6 9 4 nm, Bl&ft 8 8 4 nmfc&frSR 

o-^hU^», yP^^-ifK«itfe^!l2T$.^o 

10 (£2) 

^Df7-t' jfoSt jfoSfc 
(Abs.) (Abs.) (Abs.) 

mmM3 

15 fut^-O 0. 0 0. 0 0 9 0. 0 0 2 

/VH > 0.001 0.021 0.015 

tt«J 2 

X^X^— if 0.012 0.0 1 9 0.015 

ffi-^th'J^^ 0.015 0.016 0.013 

20 ^Dfj — i;K 0.036 0.027 0.034 

tftf5^2 fc^-rj:^ \z, mmms°vi$. jtmun^z-D^x^mtrnt 

«09 2Tft P If >&WtE b & l> \t~f CD jftLUK » I 3 * T 
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5 

mm?KizH b a i c mmum (s.RLttg) zmrnvx, h b a i c 

9kBtW J £tl j etl4. 3%^ 7. 8%, 11. 2%, 14. 7%T&D> 

mmVfco »»7KteHbAl c JgipiiSlg (EBRtftftfekB) 

H, HbAlclSm-fns. 5%, 10. 8%T&D, 7&>^ 

15 

&m-7uTT-v&mm*izmmvx, mm.2 s/lo-ju*?^ > 

20 

4mUi«l. Omol/L U U # ( p H 8 . 0) 

0. 1 m 1 3 7TCT2 4lifri1S$$tfco MBRfo 

25 ffi*ja}fp^^;Ph77U~MC ^fi5 0 0 0 (5iJ#7tt«, KT 
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5 tiL&miXlL. 5»ft, 3 &KflMB«ft;ift7cEJ&8tC 2 0 m L&S&JO 
4nm, itS8 8 4nm(^(nM§, l9BB^b^e»^«fS« 

o 

(S3) 

H b A 1 c (%) 

10 ynrZz^ 4.3 5.5 7.8 10.8 11.2 14.7 

0.010 0.016 0.026 0.043 0.041 0.059 

y^U^v^y 0.002 0.004 0.005 0.014 0.008 0.010 

m i.«> m^=Eifu\d>wmm^(Diib a i cist^M 

+ 2. 2, -tOffiW«JR«r = 0. 9 9 8t$!3, :?P j* 9>f >fcoV> 
T©fS§§5$tey = 1 3 2 1 x+ 1 . 0, ^OffiMMtir = 0. 96 8 

20 Aic*fi^J»;tafc#v>K#a^»inl/;fcj:£)&>5, HbAi cMi 
25 jfiLHWP©Hb A l cl^FMt**§J:t^f§. 
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m&LU&&*? pt/DtM:?— i£> AA°-T>, Bacillus subtillis 

10 . 0 5li%T r i tonX- 1 0 0 7kmW& 1 . 4 m L WiM L-TilJfl$ 
0 . 0 5 11% T r i tonX-100 frmWUZ , H b A 1 c 

15 m mmum%.u) ^mrnvx, HbAicis (%) ^n-^ns. 

5%, 10. 5 S^O, 'X^nbf^itg^ o o g/L-r?£ 

a it < b 's ^ ^ p t: > m mm & m m v tc . 

20 /^aynf-ft- if (SffHilttS) , i^^yo^T— tfN tt 
ffi^TK^^^bT, JS^l g/L©#t7'nf7-if^t^n^ 

25 dKbiSTUR/ft^D) 

POD 2 0 KU/L 
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Sp^DA - 6 4 



0 . 0 4 mm o 1 /L 



U>RMMNK (pH8. 0) 



0 . 8 mo 1 / L 



F AOD 



14. 3 KU/L 



U>BE*U^A«««[ (pH8. 0) 



0 . 1 mm o 1/L 



+J->>OV0. 2mL, ^Df7-f»«0. 1 6mL^ctrK0. lm 
10 ol/L 'J^'J^Altt (pH8. 0) 0. 0 4mL§I^l 

5751nm, BJt58 8 4 nmtfettSKMitStTofc. 
Cs^n £ >«ap<osij£:£Sfc) 



25 wm&mmm\z'D^x, smm&m asa^HA- 8 1 5 0 : y-z 

l"f«55££*fc«) Sffl^THbAlclflE (%) £$J5£L£ 0 m 
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5 fcit©w#* (%) itrfBgw^^^^sa^M (%) tfr*>-"A 

10 

oypf<t- if y=l 5 8 4 6 x+ 3. 2 

7"D^T — ifNTT^yj y= 1 6 6 5 9 x+ 3. 3 

WW > y= 1 7 2 5 8 x+ 3. 4 

15 

(Hb A 1 c ©aut^so 

ftfOHbAlcIS^ftfc. MitLT, t&BBftttttfc^T 

StfflBa»?Bl3£«te«kt)HbAl c*£$l£Lfc 0 dne> <D3g^£ EI 2 (C 

^t. B2tt, *Kmommxmiz£r) mmm.fr z>&®rcHb a i cm 
25 t* mm&Mmfe^wfcvrcHbAicmtvtemmte&Tii-r'fyy 
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(%) t, *frfBgftS!j£S&K:«fc£Hb A 1 c (%) SlJfelti (Dftmffim 
^^D^Df^t-fC^O. 9 9 3 7 , *?UTT — ' VNOm-S 
0. 9 9 3, /t/W><Z)i§^0. 9 9 4 1 t^CS|<, MfEg»$J$£ 
5 §§£H3$l©il!l£;|#^THb A 1 c »£jfcg> d i^fe^o 7t 0 

(mmm 6 ) 

10 . fc&M^tc 

a#^#:2) ssi^a-st dooog, mi 5&m) u 
15 <DMMmft&&TSfo.mmft*mwLVfc 0 fix, miu^o. 

0 lmLiC, Jkmmfr&mfem (OmL, 0. 0 0 5mL, 0.010 
mL, 0. 0 1 5mL, 0. 0 2 0mL) iftlL, d (D jg^MicTIB^ 
J&lSmO . 3mL^-^n^tlin^.T^jk$i±fcfe(D^^jk|it^t Lfc. 

^ut, mm&mihun o . o lmLCTiB^^DyDf'ft- t?w 

20 3jg0. 0 6 5mL£jbn;L, 3 7tT?5^>^a^—>3 >lfc. $ 
6C, TffB^<fc;M7cM^^F 0. 0 4 5mL»DbT3 7tT2^ 
WK V^a^-v-a MIBS^O^«[ft7 5 1 nm, fiij&ft 

8 0 5 nmH^»§Wi^&fiofc. ^^^ntf> 

25 £W£3£:J5, S^^^^feDcD®^&^fjEbfcfit^TIB^4fc^-ro 



24 



WO 02/06519 



PCT/JP01/06064 



^u^^^x^i/>^^u;i^x-T-;i/ 9g/L 

CHESift (PH9. 4) lOOmmol/L 



5 (*^n 



— tffct* : pH 5. 5) 
— if C*8MsmH:«) 4 0 0 0 KU/L 
WST-3 mtfc^QM) 2mmol/L 
ME S 5 mm o 1 /L 

C a C 1 2 5 mm o 1 /L 

10 N a C 1 5 0 mm o 1 XL 

* WST-3 : 2-(4-3-K7i-W-S-(2,4-/=h07xZ*)-5-(2.4-/X*7*7i 



15 FAOD 
POD 
DA- 6 4 

u >mmmm < p h 7 . 0 ) 



3 0 KU/L 
9 0 KU/L 
0 . 0 6 mmo 1 /L 
2 0 0 mmo 1 /L 
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(S4) 

(mp mm&fci mmtk&2 

0 0.0215 0.0283 . 0.0348 

0.005 0.0216 0.0278 0.343 

0.010 0.0196 0.0283 0.350 

0.015 0.0204 0.0289 0.354 

0.020 0.0212 0.0288 0.359 



15 Mm±<Dmm^m^ 

ai c &£i$mis>mmm&iz&z>fc®, ^©ffiiii^etiiSM 

&®%\zmfe~?Z>Z\ttf7: ; g, ttfk^^E^Ptf >, UlCHbAlcOi 
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